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AMENDMENT AFTER FINAL REJECTION 



o 
9, 



This responds to the Office Action (Final Rejection) dated July 03, 2002, concerning the 
application referenced above. 



1. Claims 1, 2, 3, 5, 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, and 20 were amended in 
applicant's communication filed May 13, 2002, in response to the first Office Action dated Feb 13, 
2002. 

2. The first Office Action dated Feb 13, 2002, was traversed in applicant's communication 
filed May 13, 2002 in response to the first Office Action dated Feb 13, 2002. 

3. Applicant appreciates the Examiner's review of his response (filed May 13, 2002) to the 
first Office Action dated Feb 13, 2002, and respectfully requests reconsideration in light of the 
following remarks. 

4. Reconsideration and allowance of amended claims 1, 2, 3, 5, 9, 10, 11, 12, 14, 15, 16, 
17, 18, 19, 20 are respectfully requested in view of the following remarks. Original claims 4, 6, 7, and 
8 ultimately depend on amended claim 1, and original claim 13 ultimately depends on amended claim 
1 1, and for the reasons stated herein these claims are considered to be in condition for allowance. 
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Applicant respectfully traverses the Final Rejection alleging that claims 1-6, 8-11, 14-18 are 
unpatentable under 35 U.S.C. § 103(a) over Dery et al (U.S. patent No. 6,074,895) in view of Hudak 
et al (U.S. patent No. 5,656,552), claim 12 unpatentable under 35 U.S.C. § 103(a) over Dery et al 
(U.S. patent No. 6,074,895) in view of Hudak et al (U.S. patent No. 5,656,552) and further in view of 
Shimizu et al (U.S. patent No. 6,355,569), claim 19 unpatentable under 35 U.S.C. § 103(a) over 
Siniaguine (U.S. patent No. 6,184,060) in view of Shimizu et al (U.S. patent No. 6,355,569). 
Applicant also respectfully traverses the Examiner's response (Paragraph 8 of the Final Office Action) 
to applicant's arguments. 

Regarding the Examiner's Final Rejection to amended claim 1, particularly lines 3-5 from the 
bottom of page 2 of the Final Office Action, please note that according to the art of Dery et al (lines 
23-55 of col 5, and Figs. 2A-2D) the passivation layer 211 or 111 (specifically the surface 211a or 
Ilia thereof) of an IC chip (Figs. 2 A- AD) instead of the second surface 210 of the IC chip is the part 
being modified by RIE (reactive ion etching). Lines 3-5 from the bottom of page 2 of the Final Office 
Action might have resulted from errors or the Examiner's misunderstanding* The surface identified as 
the second surface 210 of the IC chip in lines 3-5 from the bottom of page 2 of the Final Office Action, 
which is not the surface being etched but is the surface being back-to-back relative to the passivation 
layer 211 being etched according to the art of Dery et al, corresponds to the second surface 23 (the 
surface being etched according to the present invention) of semiconductor unit 25 (Figs. 1-5). The 
surface 73 (the surface being etched according to the present invention) of semiconductor unit 75 (Fig. 
7), as the second surface 210 of the IC chip in the art of Dery et al and the second surfaces 23 / 73 of 
semiconductor unit in the present invention are all the surfaces being back-to-back relative to the 
surface with connection devices thereon. This can be seen from Figs. 2A-2D of Dery et al where 
second surface 210 is back-to-back relative to surface 211a, which has connection devices 214 thereon, 
and from Figs 1-5 and Fig. 7 of the present invention where second surface 23 / 73 is back-to-back 
relative to surface 22 / 72, which has connection devices 24 (bumps) / 76 thereon. Although the 
numerical reference 210 is used by Dery et al for referring to a chip according to lines 30-61, col. 5 of 
Dery et al, while being used by the Examiner to refer to the second surface of a chip according to line 
5 from the bottom of page 2 of the Final Office Action, the truth of the foregoing fact is not affected, 
i.e., the way of treating a semiconductor unit / chip by etching according to the present invention is 
substantially 
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different from the way according to the art of Dery et al Related elaboration had been made in the 
second paragraph of page 4 of applicant's response (filed May 13, 2002) to the first Office Action. 

Four significant differences between the present invention and the art of Dery et al are 
described below. 

The first difference is what has been mentioned above: the way of treating a semiconductor 
unit / chip by etching, i.e., the present invention etches the semiconductor unit / chip 25 from the 
second surface 23 (Figs. 2-4) or etches the semiconductor unit / chip 75 from the second surface 73 
(Fig. 7 with reference to lines 14-21 of page 8), either the second surface 23 or 73 having no 
connection devices thereon and being back-to-back relative to the surface 22!((in Figs. 2-4) / 72 (Fig. 
7), which have connection devices 24 / 76 thereon. In contrast, Dery et al etches the surface 21 la of 
passivation layer 211 (lines 55-57 of col 2, and lines 5-55 of col 5), which has connection devices 214 
thereon and corresponds to the surface 22 or 72 of the present invention, the surface 22 or 72 being 
back-to-back relative to the second surface 23 or 73 according to the present invention (Figs. 1-5 and 
Fig. 7). The surface 23 or 73 etched according to the present invention is the one without connection 
devices thereon, while the surfaces 21 1 (or 21 la) and 224 etched according to the art of Dery et al are 
the ones with connection devices (214 and 226 in Figs. 2A-2D) thereonf 

The second difference is that the etching according to the present invention performs a function 
of removing part of volume of a semiconductor unit / chip from the second surface thereof that has no 
connection devices thereon, while the etching according to the art of Dery et al performs a function of 
modifying the structure of a surface (the surface with connection devices thereon, usually is a surface 
of a passivation layer) of a chip. The volume of a semiconductor unit / chip removed according to the 
present invention is an integration of a plurality of successive surfaces removed by etching the 
semiconductor unit / chip from the surface having no connection devices thereon, while the modified 
structure of the surface etched according to the art of Dery et al is actually part of the etched surface 
itself, as can be understood from lines 6-34 of col 3 of the art of Dery et al No matter how much the 
passivation layer is etched according to the art of Dery et al, no thickness reduction of the entire chip 
(certainly includes its connection devices) can result because the locations of connection devices 
(either contact pads 212 or bumps 214) are independent of the thickness of the passivation 
layer 21 K It can thus be seen the etching according to the present invention results in a thickness 
reduction of a semiconductor unit / chip, which is very significant and critical to the size and 
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packaging process of a semiconductor product. Etching according to Dery et al has no effect that 
reduces a chip's thickness, i.e., the function and the result (or effect) of the etching according to the 
present invention is substantially different from those according to Dery et al 

Although the modification of a surface of a chip carrier by etching is not relevant to the size 
reduction of a chip by etching according to the present invention, applicant here makes comments on 
lines 57-58 and lines 13-14 of column 4 in the art of Dery et al Lines 57-58 and lines 13-14 of 
column 4 in Dery et al disclose using plasma 1 16 to remove some of the resin on the surface 124 of a 
chip carrier (not a chip / semiconductor unit), the result / effect of which is to expose filler thereon. 
Removing some of the resin on the surface 124 (of column 4) of a chip carrier does not and shall not 
have a size reduction effect for the chip carrier because the sizes and locations of the connection 
devices (contacts 126) on surface 124 are independent of the resin. 

The third difference is that the object of the present invention is to reduce the size (thickness) 
of a semiconductor unit / chip, while the object of the art of Dery et al is to enhance the adhesion 
between encapsulant and a chip and between encapsulant and a chip carrier, so that the incidence of 
delamination at the interfaces between the encapsulant and the chip and between the encapsulant and 
the chip carrier can be reduced. Related explanations had been made in the last line of page 4 and lines 
1-4 of page 5 of applicant's response (filed May 13, 2002) to the first Office Action. 

The fourth difference is the way of seating the object device being treated by etching. The 
object device treated by etching according to the present invention is a semiconductor unit / chip 25 
seated on a chip carrier 21 (Figs. 2-4), while the object device treated by etching according to the art of 
Dery et al is a chip 1 10 seated on an electrode 132 (Fig. 1 A) or a chip carrier 120 seated on electrode 
132 (Fig. 1C) or an integration of chip 210 and chip carrier 220 as a whole seated on electrode 232 
(Fig. 2C). The object device treated by etching according to Fig. 2C in the art of Dery et al is not a 
chip but are some portions (connection side surface 21 la or 21 1 of the chip and some surfaces of the 
chip carrier) of a whole unit composed of a chip and a chip carrier (lines 33-55 of col 5), with electrode 
232 as the seating apparatus for the whole unit. It can thus be seen that the object device treated by 
etching according to the present invention is seated on a chip carrier 21 (Figs. 2-4) which, after the 
etching is completed, is then packaged together with the object device to form a product; while the 
object device treated by etching according to the art of Dery et al is seated on an electrode 232 (Fig. 
2C), which is part of etching equipment, not part of the package product to be made. 

In view of the above four differences between the present invention and the art of Dery 
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et al, it can be understood that the present invention differs from the art of Dery et al in terms of way, 
function, result, and object of treating a semiconductor unit / chip by etching. 

Explanations of the differences between the present invention and the art of Hudak et al were 
made in the last paragraph of page 5 and the first two paragraphs of page 6 of applicant's response 
(filed May 13, 2002) to the first Office Action. 

It can be seen from the above elaborations of differences between the present invention and the 
art of Dery et al, and the explanations of differences between the present invention and the art of 
Hudak et al, that it cannot be obvious to those of ordinary skill in the art to think of combining the arts 
of Dery et al and Hudak et al to provide the methods of claim 1 of the present invention, and to 
provide the advantages achieved by the present invention. Accordingly, the amended claim 1 
overcomes the obviousness rejection based on Dery et al and Hudak et al 

Regarding the Examiner's Final Rejection (lines 6-8 from the bottom of page 2, and lines 5-8 of 
page 4) to amended claims 9 and 11, please note that "lead-on-chip configuration" is a term publicly 
recognized in the field of IC package. What is shown in Figs. 2C and 2D of the art of Dery et al with 
reference to lines 41-47 of col 5 is a flip chip configuration, not a lead-on-chip configuration. Many 
U.S. patents such as Nos. 5,572,066, 5,863,805, 6,025,212, and 6,183,589, may be referred to for 
information about lead-on-chip configuration. Three papers respectively characterizing 3 IEEE articles 
focusing on lead-on-chip configuration are enclosed herewith to show that the term "lead-on-chip" is 
publicly recognized in the field of IC package. A typical lead-on-chip configuration representing one 
aspect of the present invention is shown in Fig. 7 with reference to lines 20-24 of page 9. To 
applicant's best knowledge, no prior art has ever suggested etching for reducing the size of a chip when 
making a lead-on-chip package. 

Regarding the Examiner's Final Rejection (lines 12*14 of page 4) to amended claims 15 and 16, 
please note that the lines 44-46 of col 5 of the art of Dery et al do not mention using epoxy/adhesive 
material between the chip and the chip carrier^ The epoxy resin mentioned in lines 14 of col 4 of the art 
of Dery et al is a protective coating also used as solder mask and mainly used to control thermal 
expansion coefficients (lines 10-14 of col 3). The connection between the chip and the chip carrier 
according to the art of Dery et al is a flip chip configuration, and the connection between the chip and 
the chip carrier is done completely via solder bumps 214 soldered to contact pads 212 of the chip and 
contact pads 226 of the chip carrier. Neither the passivation layer of a chip nor the epoxy resin on the 
surface of a chip carrier according to the art of Dery et al functions as adhesive material to provide 
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adhesion between the chip and the chip carrier in the flip chip configuration. This is because a flip 
chip configuration is substantially different from other package configurations, such as a lead-on-chip 
configuration. To applicant's best knowledge, no prior art has ever suggested using adhesive material 
to provide adhesion between the chip and the chip carrier in a flip chip configuration. This is a 
reasonable result as a flip chip configuration is significantly different from the other package 
configurations, such as a lead-on-chip configuration. 

Regarding the Examiner's Final Rejection (lines 15-17 of page 4) to amended claim 17, please 
note that (col 4, lines 1 1-12) of the art of Dery et al do not disclose using laminate 122 to cover/shield 
chip carrier 120 either before or when performing etching, and it is actually irrelevant even if anything 
is used to cover/shield chip carrier 120 before etching. In fact, it is irrelevant to argue over using 
laminate 122 to cover/shield chip carrier 120, because a chip carrier is mainly composed of laminate 
intended for carrying a chip. It is unreasonable to cover/shield a chip carrier by its own main structure. 

Regarding the Examiner's Final Rejection (lines 1-14 of page 5 and lines 9-20 of page 6) to 
amended claims 12 and 19, please note that Shimizu et al neither disclose applying beams of light to a 
surface of an object device to etch the surface, nor suggest applying beams of light to a surface of an 
object device to reduce the size of the object device. The art of Shimizu et al uses light beam 40 to 
control the velocity of neutral radicals reaching a surface of an object device 12. 

Regarding the Examiner's response (the last paragraph of page 8 and the first paragraph of page 
9 of Final Office Action) to applicant's argument filed May 13, 2002, please note that applicant has 
respectfully traversed it by relevant remarks above (please refer to explanations of the second 
difference between the present invention and the art of Dery et al). It deserves further emphasis that 
removing part of volume (which is an integration of a plurality of successive surfaces) of an object 
device according to the present invention is substantially different from modifying (such as 
roughening) the structure of a surface of an object device according to the art of Dery et al 

Regarding the Examinees response (the second paragraph of page 9 of Final Office Action) to 
applicant's argument filed May 13, 2002, please note that applicant has respectfully traversed it by 
relevant remarks above (please refer to explanations of the fourth difference between the present 
invention and the art of Dery et al). It deserves further emphasis that a seating apparatus is the 
apparatus for seating an object device to which an operation is applied. The object device to which an 
operation (etching) is applied according to the present invention is a semiconductor unit / chip, while 
the object device to which an operation (etching) is applied according to the art of Dery et al is the 
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whole unit composed of a chip and a chip carrier. If the chip carrier in the art of Dery et al is deemed 
a seating apparatus for the chip, then what is the seating apparatus for the chip carrier? Even if the 
chip carrier is seated on an ordinary table, the table is deemed a seating apparatus for the chip carrier. 
Please note the chip carrier in the art of Dery et al is part of the object device. It can thus be 
understood that the electrode 232 in the art of Dery et al is actually the seating apparatus for the object 
device. 

Accordingly, the amended claims 1, 11, and 19 overcome the obviousness rejection based on 
Dery et al, Hudak et al, Siniaguine, and Shimizu, and are in condition for allowance and such actions 
are respectfully requested. Claims 2-10 depend on the amended claim 1, claims 12-18 depend on the 
amended claim 11, and claim 20 depends on the amended claim 19, all are therefore in condition for 
allowance and such actions are also respectfully requested. 
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ABSTRACT 

A double-sided adhesive tape is typically used 
a$ am insulator and mechanical buffer layer 
between the chip and lead frame in lead-on-chip 
(LOC) packages. The costs associated with the 
lead frame and tape process make the current 
LOC package more expensive than conventional 
packaging. A new tapeless LOC package process 
has l>een developed which significantly reduces 
the pjroduction cosu». In this new process, the 
Upc is replaced by a Mine photosensitive 
thermosetting polyimide layer coated on the 
passivation deposited wafer. This paper describes 
the ioptimum material properties for the 
polyiniide, the fabrication process parameters, 
and tie experimental and simulated reliability and 
performance results of the tapeless LOC package* 



I. INTRODUCTION 



The dramatic increase in the number of devices 
and functionality of the latest ultra large scale 
integration (ULSl) designs have resulted in 
mcic&sitig chip size. Concurrently, to achieve 
higher circuit board component densities, package 
dimensions have been shrinking. These two 
completing trends are leading to cvci mote ligotous 
requirements on the thermal and mechanical 
charatteristics of the packaging technology. 
Furthermore, the demand for increased device 
functionality naturally leads to smaller feature 
sizes I which are often more sensitive to package- 
induced stress. The IjOC package [1-3] has begun 
to replace conventional package designs since it 
offier^ more margin from the chip or die pad edge 
to this package outline. In the LOC packaging 



thj; 



technology, the lead fingers are attached directly to 
the surface of polyimide deposited on the chip 
using a double-side adhesive tape. Polyimide 
films are currently being used as stress buffers and 
adhesion promoters, to protect circuit elements 
from package-induced stress damage and to avoid 
catastrophic corrosion-related failures. While the 
LOC package offers clear advantages over 
conventional package designs, its cost is 
significantly higher due to the added complexity of 
the lead frame and double-side adhesive tape. In an 
effort to reduce production cost, a tapeless 1X>C 
packaging technology has been developed. As its 
name implies, the tapeless LOC design removes 



Thermo&et Polyimide 




Figure 1 Small outline J - lead (SOJ) package with 
tapeless LOC design. 
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Figure 2 Chip scale package (CSP) with tapeless 
LOC design, 
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ABSTRACT 

'l*his paper reports the investigation into Lead-On- 
Chip (LOC) package cracking resistance, the effects of 
mold compound properties, and the package cracking 
predication. The vehicle for such investigation was a 
DRAM LOC package and four mold compounds under two 
IR reflow processes (220°C and 260°C). 

As the reliability of the LOC package is strongly 
dependent on the mechanical properties of the mold 
compound, great efforts were put into its characterizations. 
The mold compound character! zaii on was conducted using 
an Iiistron Universal Tester with a temperature chamber 
which regulated the testing temperature from -60 to 260*0. 
These characterizations included temperature dependence, 
loading speed effects, moisture effects* creep behavior, etc.. 

The lineui elastic fracture mechanics method was 
used to predict package cracking resistance. This included 
obtaining mold compound fracture toughness through 3- 
point bending test at the IR reflow temperatures, finite 
clement analysis to obtain package stress intensity factors at 
these conditions, and correlate with the package reliability 
test results. 



INTRODUCTION 

Moisture-induced package cracking mechanism 
and criteria during solder reflow for conventional chip-on- 
pad packages have been extensively investigated. While the 
lead-on-chip (LOC) package has some simitar failure 
phenomena during solder reflow, it has its own unique 
failure mechanism. In the LOC packaging technology, the 
lead fingers are attached directly to the surface of polyimidc 
deposited on the chip using a double-sided adhesive tape, 
and there is no chip pad. The failure mechanism for the 
LOC package has been explained as high internal stresses 
develop when the package is exposed to temperatures 
different from the molding temperature due to the mismatch 
in the coefficients of thermal expansion (CTE) among the 
materials within the package. The steam pressure created by 
vaporization of absorbed moisture in the mold compound 
and the LOC tape during reilow soldering adds to much 
higher internal stresses. As a result, the mechanical 
tolerance of the package can be exceeded, leading to 
delami nation at the LOC tape and subsequently mold 
compound crack initiation at the LOC tape corner and crack 
propagation in the mold compound. Figure 1 shows a 
typical LOC package failure after IR reflow, where the 
del ami rati on at the LOC tape/die interface can be clearly 
seen. The mold compound crack initiated at the tape corner 
at an angle of about 10" to the interface. 




Figure L Delaraination and Mold Compound Fracture alter IR Reflow 
0-7803-3286-5/96 $4.00 ©1996 IEEE 46 1998 BactronJc Components and Technology Contemnce 
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Abstract '!&<•. effect of mrcrtaiiieal faUgnr i«i i^btbillly lufuirv 
wa» studied, based on plastic fracture meebnntr* Itw-IuuIiik strws 
intensity factor, Mrcsa annfeinairtiy, imcr«-piiii*ic defm nwlio» 
behavior, and sti ai« characwriwics. I be fatigue haa rowd* 
the mechanical trtnUiUty <>t m>v*l load-oii-cMp (I *<->< ") packaging 
Utfftnotagies a grave ouiK«rn, Trie doininiiitt is*u« i» dtvUze 
r«(h»rt- related ta fracture in Uit pa»,»valion lay***, and Al^SI-Cu 
racial due to j->lyi»ud*i cracKtng eatiHWi by fatigue In 
temperature cy«*»*. T<» investigate the effect <*T iwrtytmiae iatlgue 
Ml chip surface damufc*, deuces we IhbrtcaUrft with mrtcrcnl 
lyt** «r poiyimides. A fat^i* model obwiited from tne 
experiment *t»d th<s simulated results of plastic dclormiiTlon 
l>fcU*viftr wen: aiaewsved. The validity of the iw-inwiwd fkUfeoe 
model was verified bv exptfrlmem* on uiflcrcin. %yi#* «f cp**** 
molding compotmtts. The Penults <>t m««4s cfcaracusrUnrtW* and 
an «*ptt,natUm of the primly faetnr* affecting (Mrtyimidc fatigue 
are presented In this paper. 

L lNTKOOUCrlON 

Thr. dramatic increase in tN number of devices and 
loncuoiwUty of the latest ulU4 i*^ «»to integration (0US1) designs 
have .v.su'N ■» increasing chip Concurrently, to adnevo lufiher 
ciicuii bu*nl eom|mnciU densities, package dimensions have been 
stutiu&i»a. 'i'Mcnc iwo wjiji^ujie ucnd» «u- luulii.* tu «*ev """^ 
rigorous w^onwnciits on the therrmt and mechtuiical vhaiavie^uv* 
of the packaging technology, Hvinhcnnore, ihc dc-numd lui Wb&ried 
device functionally naturally lends to rtnaUitf feature six** which wc 
<>VU:h mom sensitive to piir^atfi-iittbiccd stress. A* * result of IheSti 
demands, the LOC packer- U <*0 <*hnwn in iS E ur* 1) has begun to 
rtpiacc conventional package <fct;ij;n& since it oiler* nut« mar^n 
from chip or die pad «lgK to i3k: piu'.k»gt otHUnc. Tn the UK, 
kuginf wihnnhwv. the lead llrifTClfp arc altacli^l dunctly to the 
surraus <rf pniyitnide deposited o\\ llw cnip usuig « (knfli(c-*idc 
odhewive »pe- I'olyimide rilrm 17 11| a#fc currendy beion iii 
stress bullew w«tc*w>n promoter*, to ij«»icci circuit ciwmwts 
rrom packftge-induc«» «i»vas ttamage and to tmml v*iu»kuoji1i»c 
comwiOrt reimcd raiUueij. Alter a hi&li uanpciutuiD cliip nwa.uiia 
pioccss, inc aitlKiaive tape slw.iuts duii.n; wuol dt>w» t» loom 
EempcTaiure and sub*c<i«ent to temperature cycling tests. Thus ftimss 



imtt:nuauy cnuflcs a iKavily tUmnged polyimklfe imrfacc. nus damage 
in turt\ .leads to crank tommtion in the polyimide* and cviwumiiy m» 
tracturc in conjuncuon wtU^ rhc passivation layer* and Al Si Cn 
ivieml. An example of die polyimide cracking itMlw-c<t by tiiw-rlm:iul 
deiun-tinurttin l»etw«!en d*e epoxy motdins coiTipumui and thr. Mtyv. m 
illustrated in fisure '2- llus result is typical ol the loss of polyirnide 
laii^uti stucngih during temperature cycles. Tin: wilcvt wt mataiul 
<XMnpOMtion <m> chip turf ace dnnutee ftnrt H* tompcraiure cycle 
perioutwjicc nave tccn prevkm.ily considered 19-11 1. '11m.' c.tlcx.t ot 
humbly process pHrwnru:ry rolr.vam in uw, dajnage has nlso Dern 
studied 112-14], 'Jruw. mftihoda h^vc demon straied vuslly ii?iprovr.O 
pcilyimitle cracking resinWnCe bm i^nulned t«i explanation oi 
pulyntutlc IftUguo causctl by intertucinl deUutiination hetwecu the 
polyimide »ml dw epo*y muliluife rc*in. 

lhis paper iksscribcrs a tatifctte model to predict the uuctul 
ol polyimide* astJociiiled with tlvc accumulated damage dun»£ 
temperature CyclfcS* ihc model showing polyuTmfr. f»ti^ u - 
iibtoiiidl Iroiti Ihfc fcUc#b intensity tacu^', *infc\dariryv polyinutUj 
fctn*-!t*'*tiaiii i-:h(»factetisucs aitd phwric ilerotiuHUo" beiiavuM. 'liu: 
magnitudes *t iW-tP nhtainetl hy rtnite element method (VMM) 
unulysis wer* used to valvulalu ttw vtreK« mtouiily iii*.-U>v »\ >w)N«»f. 
it stress aiuuulnrily aiwl feobwqiieuUy w define the values of puiyhimb 
piasoc strains A tensile tr-Nl carried out Lu octci.v»u»c pMyiitmle 
stress-strain cto»rncu:it*ui:K. 'Hie validity of the propottwl mdtkJ wa* 
verified by oxpcrtmcnw on Kevcn types of r"uk)in£ compoxift<ls 
af fecting different mn^niiudcs <>f rX^lyimidc atraint;. 




Ftjpw/e 1 Smali-QutHtit'J-tead (SOJ) package with WC design. 
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